This paper describes a novel power system stabilizer based on fuzzy logic theory (FLPSS) for damp ing power system oscillations focusing on inter-area modes. In particular, the adaptive fuzzy power system stabilizers using both off-line and on-line training. The determination of the associated domains of the fuzzy logic power system stabilizer is obtained by off-line training using a pre-designed optimal controller. Co mputer simu lations for a test power system when su bjected to small d isturbances under normal and stressed operating conditions are carried out. The dig ital simu lation results show that the proposed controller proves its effectiveness and improves the system damp ing when compared to a lead-lag and an optimal power system stabilizer controllers.
Introduction
The poorly damped modes of oscillat ions occur particularly in power systems with longitudinal structure or weak ties. Supplementary excitation controllers as additional feedback signals are used for the last decades to enhance system damping and to improve the dynamic stability of power systems. These controllers are known as power system stabilizers. They have been widely used for many years under various types. Some of these controllers were designed based on conventional control theory such as PI or lead-lag controllers that cannot provide a total satisfactory response when the operating conditions change widely. These controllers have a main trouble for weekly connected power systems as a trade off will appear at the design process between local-modes and inter-area modes [1] .
Optimal controllers which are based on feedback signals from all or some states of the system will guarantee the damping of both local and inter-area modes [2] . These controllers always suffer a lot from on-line iterative solution to Ricatti equation beside the many feedback gain channels [3] . Another type of controllers is the adaptive control, which can do the entire job, but it needs time consumption for real-time system identification [4, 5] . The simulat ions associated with steady state stability are quite expensive in computational efforts, so these controllers cannot be used for fast on-line assessments. Additionally, Many controllers such as self-tuning control, sliding-mode control and H-infinity control are a suggested solution to both local and inter-area modes of oscillation but they are not the perfect solution [6, 7] .
New types of controllers such as rule-based, neural networks and fuzzy logic controllers have been used in many power system applications [8, 9, and 10] . These types of controllers do not require any kind of co mputational comp lexity. This point is vital, as a mult i-mach ine system is a large-scale system.
They always need a right off-line design. The present paper introduces a near optimal novel power system stabilizer based on fuzzy logic theory. This controller has the advantage of its simp licity, systematic design and combination the AVR and PSS functions. The performance of this controller is investigated using a detailed model for a mu lti-machine test system. The proposed training algorith m is applied on a specific fault at determined operating conditions. It shows the methodology of Appling the off-line training that can be applied to any other faults at different operating conditions. This may yield different fuzzy rules.
Fuzzy Logic Controller

Controller structure
The proposed controller uses triangular shaped fuzzy sets (as nb:negative big, nm: negative mediu m, ns: negative small, z:zero, ps:positive small, p m: positive medium and pb: positive big.) Fig.1 , the Max-M in inference method and the center of gravity deffuzification strategy .
Two input signals are suggested, the generator speed deviation signal and generator speed error change. The output signal is the damping control signal. The point wise input for the controllers must be fuzzified (determination of their association to each defined fuzzy set in the domain). 
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Controller training
A simple fuzzy controller based on the experience can damp only local modes. To damp both local and interarea modes of oscillation, the experience is difficult to be obtained. So, the design process needs a systematic method for obtaining the rule base and the domain ranges. The proposed solution of this problem is that a fuzzy controller is to be developed based on the optimal co ntrol theory. This is capable to obtain a near optimal fu zzy controller that is characterized by its systematic nature in design.
The main two properties to construct this controller are:
1-Physical do mains: They contain their normalized counterparts, the normalizat ion / denormalization scaling factors and the ranges of fuzzy membership sets.
2-
The ru le base defines the relationship between the fuzzy controller inputs and its output in fuzzy manner. Forty-nine rules for the proposed controller are to be extracted.
These requirements for the proposed controller can be achieved by using optimal controllers, which always guarantee the damping of both local and inter-area modes. For the nonlinear system described by the state space equation, the optimal control signal u that minimizes the performance index is a linear function in terms of the system state variable x as Q and R are the weighting matrices, K is the feedback gain matrix for the output u and P is the solution of the linear matrix Riccat i equation:
A systematic design for the optimal controller can be obtained from [11] . Physical domains can be calculated fro m the generated data for simulat ion by the optimal controller assuming different disturbances .
For the rule base, the relationship between the fuzzy controller inputs and its output can be extracted fro m this algorith m.
Step1: simulate the optimal controller
Step 2: Save each sample value of (, change in  , Upss)
Step 3 
Multimachine Test System
The single-line diagram of the two-area, 4-machine test system as shown in Fig.2 is used to examine both local and inter-area oscillations control problem. This system is created especially for the analysis and study of the inter-area oscillation problem [1].
Fig.(2): Two area multi-machine test system.
As shown in the single-line diagram there are four generators, GEN1, GEN2, GEN11 and GEN12, and four 20/ 230 kV step-up transformers. There are two loads in the system at buses 3 and 13. The transformer and line impedances for the system are g iven in Appendix (A). This system exhibits three electromechanical modes of oscillations. One inter-area mode in which the generating units in one area oscillates against those in the other area. The frequency of this mode varies from (0.35-0.75) Hz depending on operating conditions. Two local modes which represent oscillat ions between the generating units within each area. The frequency of the local modes is around 1.3 Hz. The loads are modeled as constant impedances. A 400 MW power transfer fro m area #1 to area#2 is the main case study that is very stressed operating point. One set of FLC controllers is used for each area. This set of controllers includes one FLC for the area and one FLC for each generator within the area. The test contains two areas. A comparison between the results of a lead-lag, optimal and fuzzy controllers due to different disturbances is presented. A comparison between the resultant performance of the optimal and fu zzy controller is needed. So the authors compared the resultant values for the relation (1) for both controllers. For instance, when a disturbance of 5% increase in rotor speed occurs at one of system generators, Figs 3-6 depictthe performance of FLC, lead-lag, and optimal controller. The results show that the fuzzy controller perfor- 
Conclusions
The performed study work in this research involves a fuzzy logic controller, which is built based on the data generated by an optimal controller. A systematic generation of a fu zzy logic controller rule base and input-output domain ranges has been investigated and tested. It has been found that it provides a more robust control over a Large excursion of the operating points versus the lead-lag stabilizer and very near fro m the optimal controller perfo rmance .
Most of the previous control methods either are not working sufficiently under whole range of operating conditions or they need complicated calculations, as they require the exact model. A decrease in calculations due to the fuzzy controller is a fact. The result of the proposed controller has indicated damping increase and stability enhancement of both local and inter -area modes. As a future work, the off-line-training algorith m is recommended to be applied to a large numbers of operating conditions, a large number of scenarios and different clearing times. This is to examine the adequacy of fuzzy rules that may change with varying scenarios.
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